Introduction {#sec1-0300060518792800}
============

Intraductal papillary neoplasm of the bile duct (IPNB) has been increasingly recognized as a unique type of biliary neoplasm.^[@bibr1-0300060518792800],[@bibr2-0300060518792800]^ It is characterized by dilated bile ducts that are filled with noninvasive papillary or villous biliary neoplasms covering delicate fibrovascular stalks.^[@bibr3-0300060518792800]^ Lesions can involve both intrahepatic and extrahepatic bile ducts. Although approximately 40% to 80% of resectable IPNBs contain invasive components, the prognosis is more satisfactory than that of other cholangiocarcinomas.^[@bibr4-0300060518792800][@bibr5-0300060518792800]--[@bibr6-0300060518792800]^ Because of the low incidence and incomplete understanding of IPNB, most studies of IPNB are designed as case reports and retrospective reviews involving small samples. Compared with intraductal papillary mucinous neoplasms of the pancreas (P-IPMN), the clinical features, surgical patterns, and prognosis of IPNB remain controversial and imprecise.^[@bibr7-0300060518792800]^

In the present study, we retrospectively assessed 28 patients with IPNB treated at our hospital. We analyzed the clinical features of IPNB and explored the diagnostic and surgical patterns. Differences between patients with malignant and benign tumors were compared and analyzed. This study was performed to increase the understanding of the clinicopathologic characteristics of IPNB among the medical community.

Materials and methods {#sec2-0300060518792800}
=====================

Patients {#sec3-0300060518792800}
--------

The data of patients with biliary tract tumors treated at our single institution from January 2000 to December 2016 were evaluated for inclusion in the present study. All pathological specimens were studied by two independent pathologists and classified in accordance with the guidelines of the World Health Organization.^[@bibr8-0300060518792800],[@bibr9-0300060518792800]^ The cancer staging manual of the American Joint Committee on Cancer (AJCC) (7th edition) was used for tumor staging. IPNB was classified into the following four stages according to the depth of invasion and degree of dysplasia: I, low- to intermediate-grade dysplasia; II, high-grade dysplasia; III, intraductal growth type cholangiocarcinoma, AJCC T1; and IV, intraductal growth type cholangiocarcinoma, AJCC ≥T2.^[@bibr10-0300060518792800]^ Stages III and IV were defined as malignant. Patients with mucinous cystic neoplasms of the liver, periampullary carcinoma, and P-IPMN were excluded. Discordant pathological reviews were resolved through discussion. Finally, patients with IPNB were included and divided into two groups: those with malignant tumors and those with benign tumors. All patients or their legal guardian provided written informed consent. This study was approved by the Peking Union Medical College Hospital Institutional Review Board for studies of humans.

Clinical materials were collected from both inpatient and outpatient medical records. The patients' demographic characteristics, clinical symptoms, perioperative management, pathology, and prognosis were retrospectively analyzed.

Treatment and follow-up {#sec4-0300060518792800}
-----------------------

Patients who agreed to undergo surgery underwent operations under general anesthesia in the supine position. Prophylactic antibiotics were administered via a peripheral vein before anesthetic induction. Frozen section was used to ensure negative margins. Hepatic function parameters and the serum bilirubin level were measured every 3 days for the first 2 weeks and weekly thereafter until discharge. One patient who did not agree to undergo surgery was diagnosed via endoscopic retrograde cholangiography with biopsy. Postoperative complications were defined as abnormal events recorded within 30 days postoperatively. Fever was defined as a body temperature of \>38.5ºC. Biliary tract infection was diagnosed based on the presence of chills, fever, and an abnormally increased bilirubin level and leukocyte count with or without the presence of abdominal pain. Telephone calls, letters, and outpatient interviews were used for follow-up. Blood tests were performed every 3 months after surgery. Computed tomography (CT) was performed every 6 months during the first 2 years and once a year thereafter. The study endpoint was defined as death or the last follow-up time (December 2017).

Statistical analysis {#sec5-0300060518792800}
--------------------

The Statistical Package for the Social Sciences, version 19.0 (IBM Corp., Armonk, NY, USA) was used for the statistical analysis. All continuous data are presented as mean ± standard deviation. Differences between the study groups were analyzed using Fisher's exact test and Student's *t* test as appropriate. Survival probability was estimated using the Kaplan--Meier method with the log-rank test. A p value of \<0.05 was considered statistically significant.

Results {#sec6-0300060518792800}
=======

Twenty-eight of 2243 patients (1.2%) admitted from January 2000 to December 2016 were diagnosed with IPNB. Eleven (39.3%) were men. Their mean age was 60.1 ± 14.1 years (range, 19--78 years). Abdominal discomfort was the most common symptom, occurring in 13 patients (46.4%); this was followed closely by jaundice, which occurred in 12 patients. All 28 patients were further divided into 2 groups according to the pathological results: those with malignant tumors (17 patients) and those with benign tumors (11 patients). There were no significant differences in the sex distribution, mean age, or clinical presenting symptoms between the two groups ([Table 1](#table1-0300060518792800){ref-type="table"}).

###### 

Demographic data and clinical presenting symptoms of the two groups.

![](10.1177_0300060518792800-table1)

                          Total(n = 28)   Malignant(n = 17)   Benign(n = 11)   p value
  ----------------------- --------------- ------------------- ---------------- ---------
  Male/female             11/17           6/11                5/6              0.70
  Age (years)             60.1 ± 14.1     63.6 ± 7.4          54.8 ± 20.0      0.19
  Symptoms                                                                     
   Abdominal discomfort   13              9                   4                0.46
   Jaundice               12              6                   6                0.44
   Weight loss            7               5                   2                0.67
   Fever                  7               5                   2                0.67
   None                   5               2                   3                0.35

Data are presented as number of patients or mean ± standard deviation

A median of 35 days (range, 10 days to 1 year) was required to diagnose IPNB. Laboratory tests performed in all 28 patients included measurement of hepatic function parameters, the serum bilirubin concentration, and tumor markers. Hepatic function parameters were abnormally increased in 20 patients (71.4%), and the serum bilirubin level was abnormally increased in 12 (42.9%). Ultrasonography was performed in all 28 patients, CT was performed in 22, magnetic resonance imaging was performed in 11, endoscopic retrograde cholangiography was performed in 10, and endoscopic ultrasonography was performed in 3. Characteristic findings of the imaging examinations are shown in [Figure 1](#fig1-0300060518792800){ref-type="fig"}. Bile duct dilatation was observed in 23 patients (82.1%), an intraluminal mass in 18 (64.3%), and biliary stones in 5 (17.9%). Detailed results of the blood and imaging tests are shown in [Table 2](#table2-0300060518792800){ref-type="table"}. The distributions in both groups were similar.

![Characteristic findings of imaging examinations. (a) Computed tomography showed an intraluminal lesion that originated from the extrahepatic bile duct (arrow). (b) Magnetic resonance imaging revealed extensively dilated bile ducts. (c) Endoscopic ultrasonography showed a hypoechoic occupancy lesion around the bile duct.](10.1177_0300060518792800-fig1){#fig1-0300060518792800}

###### 

Laboratory and imaging test results of the two groups.

![](10.1177_0300060518792800-table2)

                            Total (n = 28)   Malignant (n = 17)   Benign (n = 11)   p value
  ------------------------- ---------------- -------------------- ----------------- ---------
  Laboratory tests                                                                  
   ALT (\>50 U/L)           17               10                   7                 \>0.99
   ALP (\>125 U/L)          8                6                    2                 0.42
   GGT (\>60 U/L)           13               8                    5                 \>0.99
   High bilirubin           12               6                    6                 0.44
   CEA (\>5 ng/mL)          9                6                    3                 \>0.99
  Imaging features                                                                  
   Bile duct dilatation     23               15                   8                 0.35
   Intraluminal mass        18               13                   5                 0.13
   Biliary stones           5                4                    1                 0.62
  Bile duct diameter (cm)   1.6 ± 0.9        1.5 ± 0.6            1.8 ± 1.2         0.36

Data are presented as number of patients or mean ± standard deviation.

High bilirubin: total bilirubin level of \>44.4 µmol/L or direct bilirubin level of \>13.6 µmol/L.

ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyltransferase; CEA, carcinoembryonic antigen.

Left or left lateral hepatic lobectomy was performed in 15 patients, pancreaticoduodenectomy in 6, local excision of the biliary tract in 5, and combined lobectomy of the liver in 1. Partial resection and reconstruction of the portal vein was performed in one patient to achieve R0 resection. However, one patient refused to undergo surgery because she was not ready to accept the diagnosis and treatment plan. Among the patients who underwent surgery, 16 had lesions in the intrahepatic bile ducts and 11 had lesions in the extrahepatic bile ducts. In the patient who did not undergo surgery, endoscopic retrograde cholangiography with biopsy was performed to establish a diagnosis and estimate the tumor extent. This patient had lesions in both the intrahepatic and extrahepatic bile ducts. All patients were pathologically diagnosed with IPNB ([Figure 2](#fig2-0300060518792800){ref-type="fig"}). Eighty-eight lymph nodes were swept from the patients with malignant disease. However, only three metastatic lymph nodes were found. The surgical details were compared between the two groups ([Table 3](#table3-0300060518792800){ref-type="table"}). Among the 16 patients with malignant disease who underwent surgery, 7 had stage T1N0M0 tumors, 4 had stage T2N0M0, 1 had stage T2N1M0, 3 had stage T3N0M0, and 1 had stage T4N0M0. R0 resection was achieved in 15 patients with malignant disease and 10 with benign disease.

![Microscopic histopathology findings. Microscopic histopathology showed the papillary mucinous gland and mild to moderate heteromorphism.](10.1177_0300060518792800-fig2){#fig2-0300060518792800}

###### 

Distribution of surgery details in the two groups.

![](10.1177_0300060518792800-table3)

                                            Total (n = 27)[\*](#table-fn6-0300060518792800){ref-type="table-fn"}   Malignant (n = 16)   Benign (n = 11)   p value
  ----------------------------------------- ---------------------------------------------------------------------- -------------------- ----------------- ---------
  Surgical procedures                                                                                                                                     
   Left or left lateral hepatic lobectomy   15                                                                     10                   5                 
   Pancreaticoduodenectomy                  6                                                                      4                    2                 
   Local excision of biliary tract          5                                                                      1                    4                 
   Combined lobectomy of liver              1                                                                      1                    0                 
  Lesion location                                                                                                                                         
   Intrahepatic/extrahepatic bile ducts     16/11                                                                  11/5                 5/6               0.26
   Operative time (min)                     275.7 ± 89.0                                                           287.8 ± 101.6        257.5 ± 70.7      0.54
   Bleeding amount (mL)                     556.8 ± 480.4                                                          750.0 ± 543.6        325.0 ± 260.6     0.04
   Hospital stay (d)                        20.4 ± 8.7                                                             22.1 ± 10.6          17.8 ± 4.4        0.22
   Postoperative hospital stay (d)          13.6 ± 6.0                                                             15.0 ± 7.3           11.5 ± 2.5        0.09

Data are presented as number of patients or mean ± standard deviation.

Because 1 patient refused surgery, the total number was 27.

Hepatic function and the serum bilirubin level returned to normal 2 weeks after surgery. Postoperative complications were acceptable. Within 1 week after surgery, three patients had developed a fever and two patients had developed vomiting. Within 1 month after surgery, two patients developed biliary tract infections that were cured with antibiotics. One patient developed seroperitoneum that was treated with interventional CT-guided percutaneous catheter drainage. According to the Clavien--Dindo classification of surgical complications,^[@bibr11-0300060518792800]^ five patients had grade I complications, two had grade II, and one had grade IIIa.

Twenty-one patients (75.0%) were followed up for 3 to 60 months (mean, 29.4 ± 18.2 months). Only two patients with malignant disease agreed to undergo chemotherapy. The others did not need chemotherapy or rejected it because of the adverse effects. Seven patients died during the follow-up period. One patient with benign disease died of biliary obstruction and infection 33 months after surgery. Six patients with malignant disease died of their tumor or a tumor-related disease. These six patients developed intrahepatic or hepatic portal metastasis 3, 6, 12, 18, 42, and 48 months after surgery, and they died 3, 7, 17, 25, 47, and 53 months after surgery. The Kaplan--Meier curve shows the survival for both patients with benign and malignant IPNB ([Figure 3](#fig3-0300060518792800){ref-type="fig"}). The mean survival period was 44.3 months for the entire cohort. Patients with benign tumors had slightly longer survival than those with malignant tumors (55.5 vs. 38.3 months, respectively); however, the difference was not statistically significant. The detailed follow-up information is shown in [Table 4](#table4-0300060518792800){ref-type="table"}. The benign group had significantly greater disease-free survival (p = 0.03). Among the patients with malignant disease, only those with stage T1 (5/7) and T2 (2/5) tumors survived. The two patients who did not achieve R0 resection died (malignant) or survived with the tumor (benign).

![Kaplan--Meier survival curve for patients with malignant (n = 13) and benign (n = 8) intraductal papillary neoplasm of the bile duct. The test showed a p value of 0.15, which was not statistically significant, but patients with benign tumors had somewhat longer survival. More samples were needed for a more meaningful result.](10.1177_0300060518792800-fig3){#fig3-0300060518792800}

###### 

Follow-up status of the two groups.

![](10.1177_0300060518792800-table4)

                          Total (n = 21)   Malignant (n = 13)   Benign (n = 8)                                            p value
  ----------------------- ---------------- -------------------- --------------------------------------------------------- ---------
  Death toll              7                6                    1                                                         0.17
  Disease-free survival   9                3                    6                                                         0.03
  Survival with tumor     5                4                    1[\*](#table-fn8-0300060518792800){ref-type="table-fn"}   --

Data are presented as number of patients

The positive margin was confirmed by postoperative pathology in one patient with benign disease. This patient chose observation instead of reoperation because of severe underlying disease

Patients with lesions in the intrahepatic bile ducts were compared with patients with lesions in the extrahepatic bile ducts. One patient with lesions in both the intrahepatic and extrahepatic bile ducts was excluded. The detailed results are shown in [Table 5](#table5-0300060518792800){ref-type="table"}. Patients with lesions in the extrahepatic bile ducts showed significantly more jaundice. However, a larger sample size is required to increase the statistical power of our findings.

###### 

Clinical data of patients with intraductal papillary neoplasm of the bile duct with different lesion locations.

![](10.1177_0300060518792800-table5)

                            Total (n = 27)\*   Lesion location   p value       
  ------------------------- ------------------ ----------------- ------------- --------
  Male/female               11/16              7/9               4/7           \>0.99
  Age (years)               60.4 ± 14.3        62.4 ± 13.0       57.4 ± 16.3   0.38
  Abdominal discomfort      12                 9                 3             0.24
  Jaundice                  12                 4                 8             0.02
  Imaging features                                                             
   Bile duct dilatation     22                 12                10            0.62
   Intraluminal mass        17                 11                6             0.69
   Biliary stones           5                  4                 1             0.62
  Bile duct diameter (cm)   1.6 ± 0.9          1.5 ± 0.7         1.9 ± 1.2     0.27
  Benign/malignant          11/16              5/11              6/5           0.26
  Follow-up/survival        21/14              13/7              8/7           0.17

Data are presented as number of patients or mean ± standard deviation.\*Because 1 patient who had lesions in both intrahepatic and extrahepatic bile ducts was excluded, the total number was 27

Discussion {#sec7-0300060518792800}
==========

IPNB was recognized as a distinct biliary tract disease by the World Health Organization in 2010.^[@bibr4-0300060518792800]^ Depending on whether macroscopically visible mucin secretion exists, IPNB can be divided into two different pathological types.^[@bibr12-0300060518792800]^ IPNB and P-IPMN are sometimes regarded as two different patterns of one disease.^[@bibr13-0300060518792800]^ However, some studies have indicated that significant differences in genetic backgrounds and biological pathways exist between IPNB and P-IPMN.^[@bibr7-0300060518792800],[@bibr14-0300060518792800][@bibr15-0300060518792800]--[@bibr16-0300060518792800]^ Therefore, no widespread consensus regarding the pathogenesis of IPNB has been reached. Clonorchiasis and hepatolithiasis are possible causes in Far Eastern areas, where IPNB has mainly been found.^[@bibr17-0300060518792800]^ Five (17.9%) cases of hepatolithiasis were found in the present study. However, the reported percentage approaches 63%.^[@bibr18-0300060518792800]^

IPNB is commonly reported in patients of advanced age.^[@bibr1-0300060518792800],[@bibr4-0300060518792800],[@bibr19-0300060518792800],[@bibr20-0300060518792800]^ In the present study, the mean age of patients with IPNB was 60.1 ± 14.1 years. Most of these patients (23/28; 82.1%) were 50 to 75 years old. No significant difference in the sex distribution was found in either previous reports or in the present study.^[@bibr4-0300060518792800],[@bibr7-0300060518792800]^ The most common symptom in our study was abdominal discomfort. However, jaundice, fever, and weight loss were not rare. All of these symptoms are nonspecific; hence, early diagnosis was quite difficult. Interestingly, patients with malignant and benign tumors showed no significant differences in sex, age, or symptom distribution.

Lesions located in the intrahepatic bile duct and porta hepatis were more common than those located in the extrahepatic bile duct.^[@bibr4-0300060518792800],[@bibr17-0300060518792800]^ The preoperative diagnosis was mostly dependent upon imaging examinations such as ultrasonography, CT, and magnetic resonance imaging.^[@bibr21-0300060518792800]^ Dilated bile ducts, intraluminal mucin, and lesions were the most common abnormal findings.^[@bibr22-0300060518792800]^ Similar to diffuse pancreatic duct dilation in patients with P-IPMN, the extensively dilated bile ducts had diagnostic significance.^[@bibr10-0300060518792800],[@bibr18-0300060518792800]^ This abnormality was observed in 23 patients (82.1%) in our study.

The major differential diagnoses included hepatocellular carcinoma with a bile duct embolus, hepatoliths with cholangitis, and a biliary intraductal tubulopapillary neoplasm. Preoperative imaging was helpful in some cases. Biliary intraductal tubulopapillary neoplasm was radiologically differentiated from IPNB by a high proportion of intraductal soft tissue and a lack of intraluminal mucin.^[@bibr23-0300060518792800]^ However, the precise differentiation was based on the postoperative histological examination.

Surgery is considered the most suitable treatment modality for patients with IPNB without distant metastasis.^[@bibr24-0300060518792800],[@bibr25-0300060518792800]^ Complete excision is very important, and R0 resection might lead to better survival.^[@bibr4-0300060518792800]^ Interestingly, one patient in the present study with a benign lesion and without R0 resection had survived for 14 months as of December 2017. Some other variables, such as the presence of a benign lesion, might play a role in the prognosis. Different operative approaches should be chosen for different tumor sites and extents. Hepatectomy is suitable for lesions of the intrahepatic bile duct and porta hepatis. Local excision of the biliary tract is suitable for lesions located at the middle part of the extrahepatic bile duct. Pancreaticoduodenectomy is the most suitable treatment modality for tumors at the distal extrahepatic bile duct. If the portal vein is involved, then vascular resection and reconstruction can be performed to achieve R0 resection.^[@bibr13-0300060518792800]^ Frozen pathology of the surgical margin should be routinely performed. Intraoperative choledochoscopy is sometimes quite useful for estimating the surgical extent.^[@bibr26-0300060518792800]^ In the present study, patients with malignant and benign tumors had no significant differences in the tumor location, operating time, or hospital stay. However, the amount of bleeding was significantly higher in the malignant group. These results remind surgeons that although the differential diagnoses of malignant and benign lesions do not affect the choice of surgical procedure, great attention should be focused on avoiding vascular damage when managing patients with possibly malignant tumors.

Much less lymph node metastasis is present in patients with IPNB than in those with conventional cholangiocarcinoma.^[@bibr13-0300060518792800]^ In the present study, 88 lymph nodes were swept from the patients with malignant disease. However, only three metastatic lymph nodes were confirmed in 1 patient. Nevertheless, regional lymphadenectomy should be performed, especially for lesions located at the hilum and distal extrahepatic bile duct.^[@bibr27-0300060518792800]^

IPNB has a better prognosis than conventional bile duct cholangiocarcinoma.^[@bibr27-0300060518792800][@bibr28-0300060518792800]--[@bibr29-0300060518792800]^ Furthermore, patients with invasive carcinoma can live longer after suitable treatment. Compared with patients with malignant tumors, those with benign tumors had somewhat longer survival and significantly greater disease-free survival (p = 0.03), implying that patients with benign tumors might have a better prognosis than those with malignant tumors. More samples are needed to make strong conclusions.

In summary, IPNB is a rare biliary disease that occurs mainly in patients of advanced age. The most common symptom is abdominal discomfort. Surgery is the first-choice treatment. Patients with benign tumors may have a better prognosis than those with malignant tumors. This study had some limitations, including its retrospective design and small sample size. Because of the increasing understanding of IPNB, more reports involving larger series are expected in the next few years. These studies will be useful for a deeper understanding of IPNB.
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